Statistical analysis 214
At least three mice per group were analyzed. Statistical analyses were 215 performed using either Student's t-test (for comparisons between two groups) or 216 one-way ANOVA with Tukey's multiple comparison test (for multiple groups 217 comparison) with Prism software (Graphpad). All experiments were 218 independently replicated at least three times. Differences were considered 219 statistically significant at p < 0.05. Asterisks indicate significant differences (* < 220 0.05; ** < 0.01, *** < 0.001, **** < 0.0001). 221
222

Results
223
Deletion of Sufu in NSCs reduces Shh signaling during DG development 224
Sufu is expressed in NSCs in the developing forebrain including 225 presumptive DG cells (Yabut et al., 2015) . We previously reported that deletion 226 of Sufu in NSCs at early gestational stages (E10.5) severely disrupted the 227 overall cytoarchitecture of the forebrain as a consequence of ectopic activation 228 of Shh signaling (Yabut et al., 2015) . To determine the effects of Sufu specifically 229 in DG development, we used a hGFAP-Cre line to delete Sufu in NSCs at E13.5, 230 before the initiation of DG development (E14.5) -we call these micehGFAP-Sufu-KO. We first asked if deletion of Sufu increases Shh signaling 232 activity by assessing the distribution of Shh-responding cells in the developing 233 DG of hGFAP-Sufu-KO;Gli1
LacZ/+ mice, which carry the Hh-responding transgene, 234
Gli1-LacZ. Shh ligands originate from amygdala neurons and the adjacent 235 ventral dentate neuroepithelium to activate Shh signaling in ventral hippocampal 236
NSCs (Li et al., 2013) . These Shh-responding NSCs subsequently migrate to the 237 dorsal DG and gradually accumulate between the hilus and GCL to form the 238 SGZ postnatally (Li et al., 2013) . Accordingly, we found abundant cells in the ventricular zone of the ventral hippocampus in Sufu fl/fl ;Gli1 lacZ/+ mice 240 ( Figure 1A ). Gli1-lacZ+ cells were also present in the dorsal DG of Sufu fl/fl ;Gli1 241 lacZ/+ mice at P0 and were enriched in the SGZ at P7 ( Figure 1B-C) . Surprisingly, 242
we found a remarkable reduction of Gli1-LacZ+ cells in ventral hippocampus of 243 hGFAP-Sufu-KO;Gli1 lacZ/+ mice at E15.4-P0, and small numbers detected 244 throughout the anterior to posterior DG at P7. These data demonstrate that 245 deletion of Sufu in NSCs decreases Shh signaling activity during DG 246 development. This is in distinction to the situation in the neocortex, where 247 deletion of Sufu increases Shh signaling acitivity (Yabut et al., 2015) . 248
249
Deletion of Sufu decreases proliferation of NSCs in developing DG 250
Shh signaling plays a pivotal role in establishing and maintaining the 251 NSC pool to adulthood (Choe et al., 2015; Han et al., 2008; Li et al., 2013) . 252
Ablation of Shh signaling in NSCs by deleting Smo leads to a drastic reduction in 253 NSC proliferation and results in a failure of SGZ establishment (Han et al., 2008; 254 Li et al., 2013) . Since hGFAP-Sufu-KO;Gli1 lacZ/+ mice showed a reduction of we next investigated the impact of these defects on adult neurogenesis. To label 317 newborn neurons in adult mice, we administrated the thymidine analog 318 5-bromo-2'-deoxyuridine (BrdU) to 8-week old mice for 5 days and sacrificed the 319 animal 3 days post-BrdU injection ( Figure 4A ). In hGFAP-Sufu-KO;Gli1 lacZ/+ mice, 320 the number of newborn neurons decreased, reflecting the degree of proliferation 321 impairments between hGFAP-Sufu-KO and hGFAP-Sufu-KO;Gli1 lacZ/+ mice 322 during development. To clarify the reason for reduced neurogenesis in 323 hGFAP-Sufu-KO;Gli1 lacZ/+ mice, we compared neurogenic competence in adult 324
NSCs by calculating the number of newborn neurons produced from BrdU 325 labeled cells, and found that there was no difference in the ratio of DCX with 326
BrdU between three groups ( Figure 4D ), suggesting that deletion of Sufu at 327 developmental stages did not affect the neurogenic competence of NSCs in 328 adult DGs. This prompted us to investigate whether reduction of newbornneurons in hGFAP-Sufu-KO;Gli1 lacZ/+ mice results from reduced NSC pool. Adult 330
NSCs are maintained in a quiescent state until stimulated to proliferate and 331 produce neurons (Encinas et al., 2011; Mira et al., 2010) . These quiescent NSCs 332 display a radial morphology with fiber extending to the molecular layer (Bignami 333 and Dahl, 1974; Lugert et al., 2010; Rickmann et al., 1987; Sievers et al., 1992) . 334
To determine the number of quiescent NSCs in adult DGs, we counted the 335 number of Sox2+ cells in SGZ, which have a GFAP+ radial fiber. The number of 336 Sox2+/GFAP+ radial NSCs was significantly reduced in both hGFAP-Sufu-KO 337 P3 or P7 CldU injected groups, whereas it was increased significantly in P0 CldU 398 injected groups ( Figure 6I ). These data suggest that NSCs in hGFAP-Sufu-KO 399 and hGFAP-Sufu-KO;Gli1 lacZ/+ mice prematurely exited the proliferative state 400 from P0-3 instead of at P3-P7. In line with these observations, we found that the 401 Ki67+ proliferating population in Sox2+ NSCs was significantly reduced at P3, 402 but not P0 in the DGs of hGFAP-Sufu-KO and hGFAP-Sufu-KO;Gli1 lacZ/+ mice 403 compared with control ( Figure S2 ). Taken Shh signaling pathway that is dependent on cell type and context. 462
We found that deletion of Sufu increased the dependency of proper DG 463 development on Gli1 function. Gli1 is not necessary for initial activation of Shh 464 signaling (Bai et al., 2002) . Therefore, Gli1 deletion normally does not cause any 465 significant developmental defects (Park et al., 2000) . However, the phenotypes 466 in hGFAP-Sufu-KO mice clearly worsen when combined with Gli1 deletion, 467 suggesting that Gli1 function becomes necessary in the absence of Sufu. 468
Previous studies show that Sufu is important for the stabilization of Gli2 and Gli3 469 proteins (Makino et al., 2015; Wang et al., 2010) . Loss of Sufu results in 470 diminishing Gli2 full-length activator. Sufu competitively binds to Gli2 and Gli3 471 with speckle-type POZ protein (Spop), which recruits ubiquitin ligases and 472 degrades the full-length forms of Gli2 and Gli3 (Chen et al., 2009; Wang et al., 473 2010; Wen et al., 2010) . These finding provides a possibility that loss of Gli2 474 activators in the absence of Sufu increases the requirement for Gli1 function to 475 maintain Shh signaling activity. Indeed, Gli1 is able to compensate for lost Gli2 476 activator function and rescue the developmental defects of Gli2 knockout mice 477 (Bai and Joyner, 2001) . Proteins (BMPs), Notch, and gamma-aminobutyric acid (GABA) (Kawaguchi et 514 al., 2013; Mira et al., 2010; Song et al., 2012) . These molecules are secreted by 515 granule neurons, astrocytes, microglia, and interneurons in the DG and are likely 516 sources of signals for migrating ventral-derived NSCs (Bonaguidi et al., 2011; 517 Bond et al., 2014; Kawaguchi et al., 2013; Mira et al., 2010; Song et al., 2012; 518 Yousef et al., 2014) . The activity of these signaling pathways, and the 519 simultaneous reduction in Shh signaling with development, may coordinately 520 function to ensure successful transition of NSCs into the quiescent state during 521 DG development. 
